ABSTRACT Currently, no animal-based protocol for on-farm welfare assessment of commercial turkeys is available. The birds' size and flighty nature make obtaining a representative sample using traditional methods difficult. The transect walks (TW) approach provides a potential alternative for on-farm assessments of turkey welfare. We compared the TW approach with a traditional method, and data collected as the birds were moved out of the house during the load out process (L). Ten commercial 19-to 20-week-old Hybrid turkey flocks were evaluated (1 flock/house/farm). Half of the flocks were housed on farms deemed as "faring well" by the company, the other half were on "suboptimal" farms. Each house was subdivided longitudinally into 4 transects. Two observers walked the transects in random order, recording the total number of birds per transect that were immobile; lame; aggressive towards a mate; interacting with humans; with visible head, vent, or back wounds; engaging in mounting behaviors; small; featherless; dirty; sick; terminal; or dead.
INTRODUCTION
The lack of effective and efficient protocols for the evaluation of commercial turkeys impedes the ability of turkey producers to evaluate the effects of management practices on bird productivity and welfare, or to provide stakeholders with science-based assurances as to the welfare status of flocks. The ability for producers C The Author 2015. Published by Oxford University Press on behalf of Poultry Science Association. This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial License (http://creativecommons.org/licenses/by-nc/ 4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com.
Received August 3, 2014. Accepted September 12, 2014. 1 Corresponding author: Purdue University, Animal Sciences, 125 S. Russell St. W. Lafayette, IN 47907-2042, USA. Tel: +001 765.496.8816; FAX: +001 765.494.9347; Email: mmakagon@purdue.edu to monitor bird welfare can have important impacts on their economic revenue. Welfare-related issues, including leg and mobility problems, and aggression toward other turkeys, have been cited as major causes of economic loss for this industry (Krautwald-Junghanns et al., 2011) . The development and validation of universal, reliable, quantitative, and easy-to-apply methodologies for on-farm turkey welfare assessment is a critical step toward monitoring the incidences of, understanding the causes of, and formulating remedies for these types of concerns.
Available science-based welfare assessment protocols for other meat poultry (e.g. Welfare Quality Assessment Protocol for Poultry; Welfare Quality, 2009) often require the corralling and handling of birds. These types of methods are not practical for use on turkey farms as the large body sizes, heavy weights, and active and flighty nature of turkeys make their handling difficult and potentially dangerous for the birds and handlers. Methods that do not require the handling of birds 7 Table 1 . Description of the birds' behavior and appearance in each of the welfare indicator categories. Birds meeting any of the descriptors within a category were counted as belonging to that category. Individual turkeys could be classified as belonging to more than one category. Dawkins et al. (2004) proposed a method for the assessment of broiler gait that relies on the visual inspection of a subsample of birds as they take 10 steps. However, a limitation of this and similar approaches is that they are time consuming and allow only for the assessment of a relatively small proportion of the flock, particularly given the relatively large sizes of turkey flocks. This could lead to skewed flock level estimates of incidences of welfare issues.
Currently available information about the state of commercial turkey flocks has been obtained mainly from animal-centered protocols focused on the condition of the birds at the slaughter plant (dead on arrivals, condemnations, bruising, etc.), both pre-and post-mortem (e.g., St-Hilaire et al., 2003) . This information does not necessarily represent the on-farm welfare condition of the birds as it is confounded by the effects of loading, transportation, and lairage. Additionally, it does not provide information about many of the welfare categories that can be assessed on-farm.
The TW approach, an assessment method that has recently been deemed practical for evaluating the welfare of broilers (Marchewka et al., 2013a) , may resolve many of the challenges associated with the assessment of large turkey flocks. The TW method is based on line transect methodology, a technique routinely used in ecological studies to estimate animal biodiversity and abundance (Burnham et al., 1980; Butler et al., 2006) . In short, an assessor walks the house along predetermined paths counting the incidences of birds' representative of predefined welfare indicator categories ( Table 1 ). The method requires no animal handling and allows for the visual assessment of the entire flock. An additional strength of the approach is that it bears similarity to the daily poultry flock checks conducted by farmers, and is therefore easy to adopt.
The overall goal of this study was to examine the suitability of the TW method for the on-farm assessment of turkey welfare. We compared the results and interrater reliabilities of turkey welfare assessments made using the TW method to those made using 2 other approaches: an individual scoring approach modified from Dawkins et al. (2004) , and the individual scoring of turkeys during L. The assessments focused on large toms at the end of the production cycle, as we hypothesized that welfare-related issues would be most evident within this production group, and because assessments made at the end of the production cycle would be most likely to be consistent with the evaluation made during L. We additionally compared the results of the 3 assessments with the company's perception of how the flocks on the farms would be faring based on past production data.
MATERIALS AND METHODS
The study was conducted between September 23 and November 18, 2013 on 10 commercial turkey tom farms located in the midwestern United States. One flock per farm was included in the study. The farms were selected based on the focal flock's age at the time of the study, and the company's opinion as to whether the farm fared well (5 farms) or needed improvement (5 farms) with regard to bird performance. The research team was blind as to each farm's classification until data collection was completed.
Facilities and Animals
All farms belonged to a single turkey company and were managed using standardized protocols. Hybrid turkey flocks were raised in grow-out houses from 6 wks of age until the end of the production cycle, which took place at approximately 19 to 20 wks of age when the birds reached an average BW of 20 kg. The stocking density at the beginning of the production cycle was between 3.5 and 3.6 birds/m 2 . The turkeys were originated from 5 breeder flocks. They were raised on wood shavings and/or rice hulls. All houses had mesh windows on the sides of the buildings, were equipped with automatic drinkers and feeders, and with either manually or automatically controlled ventilation systems. Natural light, which entered the house through the windows, was supplemented with artificial lighting for a total of 23 h of light per day. Flock management information is summarized in Table 2 .
With the exception of 1 house, which measured 15.3 × 152.4 m, all of the study houses had identical dimensions (12.5 × 152.4 m). House measurements were confirmed using laser range finder (BOSCH GLM 825, Stuttgart, Germany) . For the purposes of data collection, each house was divided longitudinally into 4 transects. Transects were approximately 3 m wide, and their widths were limited by the feeder and drinker lines, or the wall and adjacent drinking line (Figure 1 ). The presence of these physical barriers hindered the birds' movement between adjacent transects as they walked away from approaching humans.
Data Collection
Each of the 10 flocks was evaluated at 19/20 wks of age by 2 observers using the TW and S methods within the same day. A final flock evaluation, L, took place during the load-out process, when birds were moved out of the house and loaded onto transportation trucks, which occurred within 48 h of the initial evaluation period. All 3 evaluation methods included the same welfare indicator categories, which are presented in Table 1 . The duration of each evaluation, and cumulative mortality data were obtained from flock records at 19/20 wks of age are shown in Table 2 .
Two observers assessed each flock simultaneously, but independently, to allow for a subsequent evaluation of interobserver reliability. Both observers had previous experience conducting poultry welfare assessments, but had limited experience working with turkey flocks. Whereas 1 of the observers had previous experience evaluating broilers using TW, the other was new to this methodology. Prior to the onset of data collection the observers were provided with on-farm training during which they walked through a house with a producer and discussed examples of turkeys that they deemed to be representative of each animal welfare indicator category.
Transect Walks (TW) The TW approach for on farm welfare evaluation of turkey flocks was based on methodology previously described for broilers (Marchewka et al., 2013a) . The 2 observers walked the length of each transect recording all observed incidences of birds falling into any of the predefined welfare indicator categories. The order in which transects were walked were selected randomly, except that sequential observations of contiguous transects were avoided to account for double counting of birds. Observers moved slowly in order to minimize disruption to the flock during scoring (Figure 1 ).
Individual Scoring (S) The individual scoring method was adapted from Dawkins et al. (2004) . One hundred and four randomly-chosen turkeys, 26 birds per transect from 2 random locations along it, were evaluated. Each bird was followed visually as it took up to 10 steps, and then scored using the predefined welfare indicator criteria (Table 1) . In order to ensure that both observers were evaluating the same bird, a laser pointer was used to identify the focal birds. With his or her eyes closed, 1 observer fixed the pointer on a spot. If the pointer indicated a bird, that turkey was assessed by both observers. The procedure was repeated if no bird was present in the indicated spot. The turkeys seldom appeared to notice the spot indicated by the pointer, most likely because it appeared for a very brief period of time.
Load Out Evaluation (L) During L, consecutive batches of 40 to 50 birds were herded into a corridor made out of wooden panels that funneled the turkeys towards the loading belt. The corridor was divided by a middle panel separating the birds into 2 groups of approximately 20 to 25. Turkeys were individually evaluated as they walked toward the loading belt and past the observers who stood at the sides of the corridors. The data collected in this fashion was considered to be the "gold standard," as it provided observers with the opportunity to assess each bird within a flock from a close distance. The same indicator categories were considered as for the other 2 methods (Table 1) , with the exception of interactions with humans as the observers were separated from the birds by a wooden barrier. Once the majority of birds were moved out of the house, the observers walked the house, recording mortalities and evaluating any birds that may have been left behind.
Slaughter Plant Data Data collected routinely at the slaughter plant was acquired for each focal flock. The following indicators were used in the current study: livability; condemned: DOA, whole, parts; age at slaughter; weight gain per day; and average weight gain.
Statistical Analysis
Incidence of welfare indicators were calculated for each flock, therefore the analyses were conducted with house as the experimental unit (10 houses total). Prior to statistical analysis, the recorded frequency data on the numbers of individuals counted within each welfare indicator category were transformed into proportions per transect based on the known flock population in each house at the time of assessment. It was assumed that turkeys distributed randomly throughout the house.
In order to meet normality and homogeneity of residual variance assumptions, all variables were arcsine square root transformed. An independent mixed-model repeated-measures ANOVA was performed for each of the 14 welfare indicator categories using the PROC MIXED procedure in SAS 9.3 (SAS Institute Inc., 2011). The model included method of assessment, observer, and producer assigned management level (faring well or suboptimal) as fixed factors, and the interactions between observer by method and management, as well as management by method. Farm nested within the management category was included as a random statement, as well as its interactions with method, observer, and the 3-way interaction with method and observer. Least squares mean differences were adjusted for multiple comparisons using the post-hoc Tukey test. As turkeys were not able to interact with assessors during loading, the model for this indicator variable was run only for the other 2 methods.
Spearman correlations calculated using the PROC CORR script in SAS 9.3 (SAS Institute Inc., 2011) software were used to test the relationships between all variables collected during TW, S and L, data collected at the slaughter plant, and cumulative mortality levels reported to 19/20 wks of turkey age.
RESULTS
Effects of fixed factors and interactions included in the analysis of variance on all evaluated indicators are summarized in Table 3 .
Welfare assessment remained consistent across observers for all indicators (Table 4) . Interaction between observer and method did not affect the incidences of the welfare indicators with the exception of immobility as evaluated by TW. Nonetheless, the significant differences across observers, which ranged between 0.74% ± 0.2% vs. 0. 75% ± 0.2% for the incidence of immobile birds, were very small in numerical terms.
The effects of assessment method on welfare indicator outcomes are presented in Table 5 . As compared to the TW and L methods, the S method yielded higher estimates of the incidence of lame turkeys and turkeys with head wounds, and lower estimates of the incidence of featherless, terminal and dead birds, and birds en- gaging in mounting behaviors. The percentages of sick birds evaluated using TW or S differed from the percentage calculated during L assessments. All 3 methods differed in the detected percentages of immobile and dead birds. The results of the Spearman correlations analyses between welfare indicators as collected by TW and L (excluding interaction with humans, which was not observed during L), cumulative mortality levels reported at 19/20 wks and the parameters collected at the slaughter plant are presented in Table 6 . We did not find any differences between management classifications in the percentages of birds within particular welfare indicator categories. Effects of management by method, or management by observer interactions were also not significant.
DISCUSSION
Considering the large size and flighty nature of commercial turkeys, and particularly that of turkey toms, evaluation of their welfare status using strategies developed for other poultry species, which typically require the corralling or handling of birds, can be challenging. In addition to being inefficient with respect to time requirements, these methods are likely to disrupt the flock, and are potentially dangerous for both the turkeys and the evaluators.
The current study compared the TW approach with 2 other welfare assessment methods, which do not require that birds be handled: individual sampling of a random sample of birds and flock evaluation as birds were loaded out of the house for transportation. None of these methods had previously been evaluated for use on commercial turkey farms. The S and TW approaches were selected for this study as they have successfully been used for the evaluation of broilers (Dawkins et al., 2004; Marchewka et al., 2013a) . To the best of our knowledge, this is the first time the results of a welfare evaluation conducted during the load-out process are presented for poultry. Although this approach is time consuming, and therefore not practical for everyday use, it provided us with the opportunity to sample all of the birds in the flock. In addition to comparing the welfare indicator data collected using each of the 3 methods, we examined practical aspects of the methodologies including the interobserver reliability of each method, and its time requirements.
Because a validated set of welfare indicators is not available for turkeys, we evaluated the birds based on welfare indicators developed for other species of meat poultry (Welfare Quality, 2009 ) and based on a review of available literature for turkeys (Marchewka et al., 2013b) . Several indicators were added to account for differences we expected to see between turkeys and broilers based on their temperament and size, older age at slaughter, ability to reach sexual maturity, and relatively higher activity levels (Huff et al., 2003) . These factors were suspected to result in higher severity of wounds, especially on the head and back, higher frequency of interactions with flock mates, and higher incidence of sexual behaviors, which has previously been noticed in turkey flocks (Marchewka et al., 2013b) . Human-oriented behaviors, such as running into or jumping onto the observer, hitting the observer with the wings, or pecking at the individual, were broadly categorized human directed interactions, as the motivation (e.g., aggression, defense, curiosity) was not clear. The welfare indicator categories were developed based on preliminary observation of turkey toms, as only male flocks were included in this study. It is possible that additional or different indicators may be appropriate to use in female flocks (Martrenchar et al., 2001; Huff et al., 2007) .
We found no differences between observers, as well as for observer and method interaction, except for the proportion of immobile birds as evaluated using the TW method. Differences obtained for immobile birds across observers were similar to the results obtained earlier for broilers by using TW (Marchewka et al., 2013a) . In both studies although differences across observers for immobility were significant, the actual difference in values were minimal. In this study, the numerical differences between observers were only 0.01%, which is too small to be considered as a major constraint of the TW approach. Therefore the results suggest that the Table 6 . Significant (P < 0.05) Spearman correlations between indicators collected by TW, during L, the duration of each method, and mortality levels at 19/20 wks.
detection of important and well-defined welfare indicators in turkeys can be reliably achieved by multiple observers with minimal training.
On the other hand, differences in the data collected using the 3 assessment methods were found for all but 5 of the indicator categories. Overall, the identified differences separated the S method from the TW and L assessments. The S method yielded different results for 8 of the 13 welfare indicators evaluated during L, including the proportion of turkeys that were lame, featherless, terminal, showing head wound, exhibiting mounting behaviors, sick, immobile, or dead. In contrast, data obtained using the TW differed from L data in only 3 categories: sick, immobile, and dead. The numerical differences between TW and L were, relatively small, below 1% for all 3 differing indicators. The lack of agreement between TW and L versus S method may be explained by potential constraints of the number of birds sampled using the latter method. A sample size of approximately 100 individuals is typically suggested in available welfare assessment protocols for poultry (Welfare Quality, 2009; De Jong et al., 2012) . Therefore we sampled 104 turkeys using the S method. However, sampling only 104 turkeys from a flock of approximately 4,500 may have led to high estimates for some of the indicators, as identification of a welfare indicator in just 1 bird is equivalent to a 0.96% increase in the incidence of that indicator at the flock level, and to low estimates of other indicators, as only 2.3% of the entire flock is evaluated. The sampling scheme may have further accounted for the underestimation of the incidence of immobile and dead individuals. Individuals in these categories were typically lying on the ground, obstructed from view by standing turkeys, and were therefore unlikely to be randomly selected for sampling using the laser pointer method employed in this study. These limitations in the sample obtained using the S versus TW method, in combination with the relatively large sizes of turkeys versus broilers, may explain why the differences found between TW and S for turkeys were smaller than ones reported for broilers (Marchewka et al., 2013a) .
The proportions of sick, immobile and dead turkeys were highest when evaluated during L than using either of the other methods. This likely reflects the increased visibility of these birds during L, as sick, lame, and immobile individuals were likely to be left behind after the load out process was completed, and could easily be counted by the observers. These birds would have likely been sitting on the ground, obstructed from view by surrounding turkeys during S and T assessments. Additional factors that may have contributed to the increased number of observed immobile and dead birds include bird fatigue and flock disruption that occurs during the load out process, as well as differences in the timing of the 2 evaluations as L was carried out up to 48 h later than TW (Buchwalder and Huber-Eicher, 2003; Marchewka et al., 2013b) . The difference in the incidence of sick birds could have been attributed to the different views from which the birds were scored.
During TW birds are typically evaluated from behind as they moved away from the observers, while during L the turkeys were scored as they moved towards or stood next to the observers. As the most frequent reason for assigning a turkey to the sick category was the pendulous crop (personal observation; earlier: Rigdon et al., 1960) , it is possible that this condition was underestimated when the turkeys were observed from behind.
Additional support for the accuracy of the TW method can be obtained from the correlation analysis. Overall, a high number of strong correlations were detected with regards to the incidence of indicators scored by TW and L. The number of birds having problems in terms of immobility, lameness and head and vent wounds assessed using the 2 methods had particularly high (r > 0.85) degrees of agreement. Conversely, the incidence of lameness was the only category evaluated using S that correlated with evaluations made using TW and L. However, the lack of correlation in the numbers of immoble turkeys detected, supports that S may not be suitable for detecting this welfare issue.
Data collected using the on-farm assessments correlated with important production parameters collected at the slaughter facility. Bird condemnations (whole or part) correlated positively with mobility assessments made using all 3 on-farm assessment methods. Mobility assessments made using TW additionally correlated with birds found DOA. Back wounds evaluated using TW, but not S or L, were highly and positively correlated with the proportion of birds DOA, and proportion of birds condemned whole. This partially could be related with the angle from which the birds were evaluated. TW and S were conducted from behind the birds, while the birds were evaluated front and side during L. The differences between S and TW could be explained by differences in sample size, as described above. The angle of assessment is a less obvious explanation for why the proportion of condemned (total, whole, and parts) birds was correlated with the frequency of sick birds as evaluated using the TW method only. The majority of birds deemed "sick" had a pendulous crop, which one would assume would have been easier to observe from the front of the birds, as was the case during L.
Several expected correlations were noted. For example, flocks affected by lameness may be expected to be less active, which is likely the reason behind the negative correlation between the recorded amount of interactions with humans and proportion of birds affected by lameness. Similarly, as expected, high frequencies of mounting observed during TW were correlated with the proportion of featherless birds in the flock assessed using L (r = 0.9), but also TW (r = 0.74).
From the perspective of the practicality of on-farm application, not surprisingly, the L data collection method proved to be the most time consuming. The time requirements of this method were limited by the pace of the loading crews, the number of birds in the flock at the time of L, as well as their condition. The time necessary for conducting TW (34.0 ± 2.2 min) was similar to that needed for the S (33.5 ± 1.7 min), highlighting the efficiency of the TW method, which allowed for the evaluation of the entire flock versus 104 randomly-selected individuals.
No differences in welfare measures were detected between houses assigned by the company to the 2 management categories. This study focused on flocks raised in 1 geographical area, during one season within the same year, and on farms belonging to the same company and therefore using very similar husbandry protocols, and house lay outs. This overall similarity may be one reason why we were not able to detect differences in the management levels assigned by the company using any of the turkey welfare assessment methods. This result may also be due to differences in the criteria used for identifying "well-managed" farms (Botreau et al., 2007; Duncan et al., 2012) . Such issues as mobility problems, dirtiness or aggression toward humans cannot be directly detected after finishing the production cycle and obtained from the performance reports. In the case of this study, where turkey carcasses were used for parts as a final product, it can be especially difficult to deduce from slaughter plant data the welfare of the birds on farm (St-Hilaire et al., 2003) . The company's impression of the farms was additionally based on long-term observations of their performance. We have obtained data from 1 flock only, getting a snapshot of the current on-farm situation. It is likely that data collected from multiple flocks from each farm would have better aligned with the producer's perception, underlining the importance of developing methodology that allows for this type of systematic data to be collected in a simple manner.
Overall, evidence collected during this study indicates that the transect-based on-farm welfare assessment method for meat poultry could be a feasible method for assessing the welfare of turkeys, including large toms. The method can be a time-efficient and practical tool for turkey companies and farmers to evaluate the welfare status of the flocks. The results of such evaluations can be linked to historical and management data as well as economically important outputs. Information collected over several flocks could be used to control and predict arising welfare issues giving producers the ability to develop and implement preventative strategies. In light of the increasingly high demand among consumers for guaranteed standards in animal welfare (Barbut, 2010) , the TW could also serve as an animal-based assessment during internal or external welfare evaluations or audits.
CONCLUSION
The data supports that the TW method is a reliable tool for on-farm assessment of turkey welfare. This method is practical, efficient, and easy to implement under field conditions as it resembles the techniques typically used by farmers to check on their flocks, and requires minimal training to produce reliable data when used by different observers. Importantly, for 10 of the 13 welfare indicator categories sampled during L, when all birds in the flock were individually assessed, the TW method yielded similar results. The differences that were identified, the percentage of immobile, dead and sick turkeys, may equally well have been due to the increased visibility of affected birds during the L procedure, or the impact of the L procedure on these welfare indicators.
The nonhandling S method, which was used to evaluate a random sample of 104 birds per flock, either overor under-estimated the prevalence of many of the welfare indicators (8 out of 13) as competed to the results obtained during L. The utility of the S method seems to be constrained by the sample size and strategy. Although it is possible that the utility of this method could be improved by increasing the size of the sample, given that the time required evaluating the 104 turkeys using the S methods is similar to that required for the entire house to be assessed using the TW method, increasing the sample size may not be practical.
